The gases used were CH3F (Matheson, >99.0%), Ar (Matheson ultra-high Purity >99.995%), Kr (Airco, >99.995%),
and Xe (Airco, >99.995%). Kr and Xe were subjected to two freeze-pump-thaw cycles before use. CH3F was purified by fractional distillation from 138 K to 77 K. Pressures were measured using a mercury triple McLeod gauge and mercury manometer to better than 2%. Matrix concentrations were assumed to be identical to those of the gaseous mixture.
Absorption spectra of each matrix were taken with a Nicolet 7199 FTIR in order to determine quantitatively the optical densities for absorbing and emitting transitions.
B. Fluorescence Experiments
The excitation source used in these experiments was a Nd:YAG pumped optical parametric oscillator. The typical due to the finite bandwidth of the amplifiers is at most 5%..
III. RESULTS AND ANALYSIS

A. Spectroscopy
The spectroscopy of CH 3 F in Ar matrices 11 and of the v region of CH 3 F in Kr 12 has been previously reported. The problems in assigning absolute absorption intensities to matrix isolated species are twofold. First, the magnitude of the transition dipole moment of aggregates relative to monomer is generally unknown, thus absolute concentration measurements are not accurate for matrices in which polymer formation is substantial. Next, more dilute matrices suffer from problems in measuring thickness using the interference method, as surfaces parallel to an infrared wavelength are difficult to obtain for thick samples. Moreover, the density of the matrix Is dependent upon the deposition temperature, 18 leading to a possible systematic error in concentration measurements. The absolute intensity values shown in Table II are subject to these errors. Since the monomer and dimer contributions to overall band intensity overlap f.
-9-in some cases and not in others, matrices of high M/A are required to obtain accurate relative intensities. The relative intensities for a dilute matrix, M/A=4940, normalized to the BQbs(v3) of Barrow and McKean, are therefore also shown. The relative intensities of the "monomer't absorption bands are subject only to errors in baseline determination and the presence of <2% dimer. The data appear nominally consistent with that of the gas phase, but a more reliable set of gas phase cross sections is needed in order to determine whether or not transition dipole moments change between gas and matrix.
The contours of the parallel and perpendicular bands are roughly those expected for a cooled gas phase molecule. The four accessible bands in the 3000 cm region: v4 , v1 , 2v2, 2v5 are of varying symmetry, (Table I) This null result implies that either relaxation does not occur through these modes or that the product of relaxation time and fraction of energy relaxing through v2,5 is less than 2.5 ns f and through V6 less than 17 ns.
The rate of energy transfer to the )3 manifold is monitored by the risetime of the 1050 cm-fluorescence. This is in all cases, Ar, Kr, and Xe hosts at 9 K, similar to the time constant of the detection apparatus, 15 ns f as is shown in Fig. 4 . Thus for all matrices T....V < 5 ns.
C. Deactivation of the v3 manifold
The decay of emission from the v3 manifold was monitored with the slow, high sensitivity detector configuration. Overtone fluorescence (2))3 + 0, 2100 cm 1 ) in all samples decayed as a single exponential, as shown in Fig. 5a . 
The relaxation is completed by
where iE = v 3 /c = 1040 cm 1 in Ar.
A.
Mechanism of isolated molecule relaxation
After initial population of one of the 3000 cnr' levels, energy may be transferred to any of a number of lower lying levels, as seen in Fig. 3 . Endotherrnic processes are ex- 
The broadband fluorescence observed at 1050 cm' is the sum of (2v3 + )3) and (v3 + 0) emission. The broadband signal is then
where g = geometrical factor, = optical density factor (varying from 0 to 1 as the sample goes from opaque to transparent) V-V equilibration parameter (varying from 1 to 2 as the percentage of molecules decaying by Process (la) goes from 100% to 0%) A20,A10 1 A21 = Einstein A coefficients for 2 + 0, 1 + 0 and 2 + 1 transitions, respectively.
Assuming A21 = 2A10 we can derive an expression for the product 6 which can be evaluated from measured rate and amplitude ratios
For the rear surface excitation geometry 6 can be evaluated for the particular mode excited using a simple one dimensional model in which non-uniform excitation and emission according to Beer's Law is taken into account should, and did, relax at a rate equal to 2k10 since its concentration is proportional to the square of the CH3F(v3) concentration. 2 ' Since 2 3 is populated before v 3 in the present study, the reported relaxation rates probe a different population distribution within the v3 manifold and a different set of molecules, i.e. ones for which CH3F(2v3) is isolated with respect to resonant V + V transfer to CH3F(v3).22 
a The calculated dependence of rate on temperature, normalized to 9 K, is shown in Figs. 7 and 8 for various phonon frequencies.
The temperature variation of rates can be fit quite well with processes requiring the emission of one bulk phonon.
The phonon frequency required to fit the temperature dependence systematically decreases in the series Ar, Kr, Xe as does the magnitude of the 2v3
V3 transition frequency
The trend is also present in the v3 relaxation rates. It is not possible to correlate the absolute magnitude of the -phonon frequency which best fits the observed temperature dependence with the energy mismatch between the final and initial states as the spectroscopy of high J states in matrices is unknown.
C. Host effect
The relaxation rates of both v3 and 2v3 show a dramatic dependence on host lattice, the rates. in Ar being a factor of 30 greater than those in.Xe. The trend of increasing rate with decreasing host size is consistent with a model in which short range repulsive forces are responsible for inducing relaxationì, similar to the gas phase description, where a binary collision model is used to explain the relaxation.
For an extrapolation between phases to be meaningful, the relaxation probability per collision should be constant for identical collision partners. The relaxation probability of CH 3 F(v 3 ) in liquid Ar at 77 K 9 and in gas phase at 300 K'° can be compared using a cell model for the collision frequency in the liquid phase, Z = (8kT/-rrm) 112 x [ 21"6/131"3 -where m = CH3F mass, p = liquid number density, a = collision cross section. Z at 77 K is 3 x 1012 s_i. The values obiiq tamed for the relaxation probability are P (77K) CH3 F-Ar gas = 2.6 x and CH3 F-Ar (300K) = 5.1 x 10 -6 . The larger probability is certainly to be expected for the higher temperature. When kT is less than the two-body well depth, attractive forces influence the relaxation. For CH3F/Ar, the well depth estimated from transport data is 200 K.
Thus the gas phase 77 K probability cannot be predicted well enough from theory to allow the effect of phase change to be estimated. A comparison between the liquid and solid data is more meaningful.
In the solid phase, the additional problem of defining a "collision" is present. The collision frequency can be estimated from the zero point motion of the guest. The frequency of this mode is estimated to be 80 cm 1 by fitting a harmonic oscillator potential to the two-body Lennard Jones potential near the minimum. A collision frequency of 4.8 x 10 12 s is obtained after multiplying by a factor of four to account for 2 turning points and 2 translational modes effective in relaxation. The relaxation probability is then calculated to be 6 x 10 8 at 9 K and at 20 K for CH3F-Ar, about four times smaller than the 77 K liquid phase value obtained for the calculated collision frequency of 3 x 10 12 s1. The rates in the matrix show no great dependon temperature, Fig. 8 . Indeed, the temperature dependence due to EFie emission of a.,30 cm 1 phonon results in an in-crease in relaxation probability of a factor of two between 9 and 77 K when a constant collision frequency is assumed.
Thus the change in phase from solid matrix to liquid changes the relaxation probability by less than a factor of four.
It may be more sensible to compare rates rather than relaxation probabilities derived from these crude estimates of collision frequencies. The relaxation rates in a matrix (3.2x10 5 s 1 at9Kand3.4x10 5 s'at20K)andina liquid (7.8 x 105 s' at 77 K) are more nearly identical than the estimated relaxation probabilities. Therefore, the effect of solid-liquid phase change on vibrational relaxation rates. is less than a factor of ;two.., The physical models for vibrational relaxation in liquid and matrix should be nearly identical.
Iii
V. SUMMARY AND CONCLUSIONS
In this work, the mechanism of relaxation from the CH stretching fundamentals and bend overtones in matrix isolated CH3F has been determined as a function of host and temperature. Despite differences in symmetry and intramolecular coupling, all levels near 3000 cm' relax in less than 5 ns for all hosts and temperatures studied by 
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